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GENERAL INTRODUCTION. 
There is a general awareness about the need to 
diversify the cropping systems in the Corn Belt because of 
economic, biological, and environmental reasons. 
The diversification can produce greater economical 
stability when facing changing market conditions for the 
commodities produced and the inputs used. Designing a 
rotation that includes a legume to incorporate nitrogen in 
the soil, and that reduces pest problems by avoiding 
monocropping, can diminish the use of N fertilizers and 
pesticides (Francis and Clegg, 1990) with both, economical 
and environmental advantages. 
If the rotation is made in narrow strips, it can add 
to the environmental improvement through reduced erosion 
(Laflen et al., 1985), and to the system productivity 
(Whigham, 1985; Whigham and Bharati, 1986; Francis et al., 
1986). These reviews about strip intercropping corn and 
soybeans indicate that corn strip yields are between 10 to 
40% higher than sole crop yields, while soybean strip yields 
are reduced between 10 and 30%. Except under conditions of 
water shortage, strip intercropping has shown to be more 
productive than sole cropping on a unit land basis. 
Based on cited literature and complimentary growth 
patterns of small grains with corn and soybeans, it is 
hypothesized that the inclusion of a small grain in the 
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corn-soybean strip intercropping rotation will: 1) reduce 
soybean yield losses commonly observed in the corn-soybean 
strips; 2) result in a small grain overyielding on strip 
edges; 3) promote corn overyielding on the border with the 
small grain; and 4) give a window of opportunity to 
interseed or double-crop a legume to be used as cover crop 
and green manure for the following corn. 
These hypothesis may not hold under water stress 
conditions, because the small grain, growing earlier than 
the row crops, could deplete the soil water content in its 
strips borders, eliminating the potential for higher corn 
border yield, and increasing the soybean border yield 
depression. There is a lack of information about the 
availability and competition for water at the boundaries 
between different crops in strip intercropping systems. 
Tillage systems can modify soil water content. Surface 
cover by residues, that depends on the tillage system used, 
reduces soil water evaporation resulting in higher soil 
water content (Blevins et al., 1971; Van Doren and Allmaras, 
1978; Phillips et al., 1980; Phillips, 1984; Thomas, 1985). 
The present research was conducted within a strip 
intercropping rotation of corn, soybeans, and oats 
interseeded with alfalfa or followed by a cover crop of oats 
and hairy vetch. 
The objectives were: 1) to determine the effect of strip 
3 
position on crop yields; and 2) to determine the effect of 
tillage, strip position, and their interaction, on soil 
water content during the season, and its relationship with 
crop yields. 
Explanation of Dissertation. 
The dissertation is presented in three sections, each 
a manuscript to be submitted to the scientific journals of 
the American Society Agronomy, the last two as related 
papers. The first section, entitled "Strip intercropping 
rotation of corn (Zea mays L.), soybeans (Glycine max), and 
oats (Avena sativa): crop yield as affected by strip 
position", presents the part of the research addressing the 
first objective. Sections two and three, entitled "Effect of 
tillage and strip position on soil water content and crop 
yield in a strip intercropping rotation of corn, soybeans, 
and oats: I Corn", and "II: Soybeans and oats", present the 
parts of the research addressing the second objective. Each 
paper contains an Abstract, Introduction, Materials and 
Methods, Results and Discussion, and References. Tables and 
figures appear in each Section. The present General 
Introduction precedes the three Sections, a General Summary 
and appendices to the last two sections follow them. 
References cited in the general sections are also cited in 
the three papers. Coauthors are listed in the first Section, 
4 . 
but the writing and preparation of tables and figures was 
done by the first author. 
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SECTION I. STRIP INTERCROPPING ROTATION OF CORN (Zea mays 
L.), SOYBEANS (Glycine max), AND OATS (Avena 
sativa): CROP YIELD AS AFFECTED BY STRIP 
POSITION 
Fernando Garcia Prêchac, R. M. Cruse, 
Mohammadreza Ghaffarzadeh, and Daryl A. Kirsch 
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ABSTRACT. 
Economic and environmental reasons justify searching 
for alternative, sustainable production systems. Including 
small grain crops and legumes in rotations can improve 
diversification, and reduce soil erosion, N fertilizer use, 
pests, and other biological problems. A three year strip 
intercropping rotation including corn {Zea mays L.), 
soybeans (Glycine max), and oats (Avena sativa)/oats-hairy 
vetch (Vicia villosa) as a cover crop, or oats interseeded 
with nondormant alfalfa (Medicago sativa) for green manure, 
is being studied in Iowa. The objectives of this research 
were to study crop yields as affected by strip position, and 
to determine the production potential of this system 
compared to that of the sole cropping rotation. Experiments 
were located at two Iowa locations and data collected in dry 
(1989) and wet (1990) cropping seasons. In Northern Iowa two 
experiments with corn, one with soybeans and one with oats 
were evaluated each year. In Southern Iowa, one experiment 
with each crop was evaluated each year. Corn border rows 
overyielded the center rows, except under dry conditions in 
1989, when yields at the oats border were equal to or 
smaller than those of the center rows. Soybean yields at the 
border positions tended to be depressed when compared with 
the center rows, except under the wet 1990 conditions. Oat 
7 
border yields were higher than the strip center yields. The 
performance of the system was estimated using the Land 
Equivalent Ratio (LER) which was calculated assuming the 
strip center yields were equivalent to that of sole crops. 
LER's indicated that this strip intercropping rotation had 
advantages over the rotation of the same sole crops with 
adequate rainfall; under dry conditions there were no 
differences between systems. 
8 
INTRODUCTION. 
Economic, environmental, and biological reasons, 
justify searching for alternative, sustainable production 
systems for the USA Corn Belt. 
Duffy and Chase (1990) studied the financial returns 
of six cropping systems using physical data from a long term 
experiment conducted near Kanawha, Iowa. They used 1989 
prices. When considering the returns for land and management 
with the 10% set-aside program, corn-soybeans was the most 
profitable system ($149/A), followed closely by continuous 
corn ($141/A); a sod based rotation of corn-oats-meadow-
meadow was the least profitable system ($106/A). When the 
10% set-aside program was not considered, corn-soybeans was 
still the most profitable system ($113/A), the sod based 
rotation produced $87/A, and continuous corn dropped to the 
last position of the six cropping systems with $72/A. 
Considering the cash rent of the land, around $90 to $100/A 
in Iowa during 1989, only the corn-soybeans rotation would 
have given a positive ( $23 to $13/A) net return if the 10% 
set-aside program was not considered. This study clearly 
illustrates the impact of agricultural policy on the 
economics of various agricultural production systems. More 
importantly, the results give economic justification to 
search for alternative production systems - systems less 
9 
dependent on government subsidies for economic survival. 
In the same study, N fertilizer rates to maximize 
returns were determined. The annual average N rate for this 
requirement was 240 lb/A with continuous corn, 80 lb/A with 
corn-soybeans, and 40 lb/A with the sod based rotation. 
Laflen et al. (1985), present experimental data and USLE 
estimates of soil erosion relative to continuous corn, for 
different cropping systems in Iowa. In southern Iowa, this 
ratio for experimental measurements was 0.11 for corn-oats-
meadow, and 1.15 for corn-soybeans. In western Iowa, 
measurements resulted in a ratio of 0.18 for corn-oats-
meadow-meadow. The USLE estimates were 0.23 for corn-oats-
meadow, 0.18 for corn-oats-meadow-meadow, and 1.09 for corn-
soybeans. The corn-soybeans rotation requires less 
fertilizer N than continuous corn, but results in more soil 
erosion. Rotations including oats and meadows are more 
favorable than continuous corn, and corn-soybeans, based on 
N fertilizer use and soil erosion. 
It is well known that crop rotations result in more 
favorable pest control and allelophatic effects than 
monocultures (Cook et al.,1978; Musick and Beasley, 1978; 
Francis and Clegg,1990). If the rotation includes legumes, 
biologically fixed N can also be available for the following 
crops (Voss and Shrader, 1984; Francis and Clegg, 1990). 
Crop rotations exemplify temporal variation in 
10 
cropping patterns which generally improve crop yield. 
Spatial variations such as that occurring with narrow strip 
cropping, or strip intercropping, also have potential to 
increase total crop production with corn and grain legumes, 
grain legumes being represented by soybeans in most studies 
(Whigham, 1985; Whigham and Bharati, 1986; and Francis et 
al., 1986). Corn border rows consistently overyield the sole 
crop. The second and even third corn rows from the border 
may also overyield sole crop corn, although the overyielding 
decreases as one moves from the strip edge (Pendleton et 
al., 1963). Strip position effects on soybean yield is less 
clear. Due to sunlight and soil factor competition, soybean 
border rows next to corn strips generally underyield sole 
crop soybeans, or at least yield less than strip center rows 
which are assumed, in some cases, to equal sole crop yields 
(Francis et al., 1986). Contrary to these results and 
interpretations, Radke and Hagstrom (1976), with seven year 
data in western Minnesota, showed corn may actually elevate 
soybean yields above sole crop soybean yields for rows which 
are from two to seven rows distance from two corn rows. Corn 
rows may serve as a windshield increasing the transpiration 
component of évapotranspiration, resulting in higher soybean 
yields as one moves away from the direct competition of the 
corn border. It is generally agreed, however, that with 
corn-soybean strip intercropping systems, soybeans yield 
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averaged across all rows is lower than the sole crop yield 
(this may be largely due to two soybean rows in each strip 
in direct competition with corn). 
This system's productive success depends on a higher 
incremental increase in corn yield than incremental decrease 
in soybean yield. The Land Equivalent Ratio (LER) 
(Trenbath,1976) is used to compare the productive 
performance of multiple cropping systems with the sole 
crops. The LER is the average of the ratios between the 
yields of all the crops in the multiple cropping system, and 
their yields as sole crops, weighed by the proportion of the 
land that each crop occupies in the multiple cropping 
system. If the overall yield, of the i-th component from 
a unit area of an intercrop with m components is expressed 
as a fraction of the yield, A,., of that component grown as a 
sole crop over the same area, the LER of the intercrop is 
given as a sum of the fractions; 
(1) 
•^ i 
A LER = 1, indicates that neither an advantage nor a 
disadvantage exists for the intercrop system. A LER > 1 
indicates an advantage for the multiple cropping, and a LER 
< 1 indicates a disadvantage. For example, a LER = 1.05 
indicates that 5% more land would be required with sole 
12 
cropping to produce the same amount and proportion of crops 
as occurs with a given multiple cropping system. Previously 
cited reviews indicate that the most common outcome of strip 
cropping corn and soybeans has a LER > 1, particularly when 
water availability is not deficient. Under water deficient 
conditions, LER values are close to 1, indicating no benefit 
exists for the strip cropping over the sole cropping. In 
very few cases values of LER < 1 were observed. Francis et 
al. (1986) concluded that the strip cropping alternative is 
equal to or better than sole cropping. 
Based on cited literature and complimentary growth 
patterns of small grains with corn and soybeans, it is 
hypothesized that inclusion of a third crop strip (small 
grain) in the corn-soybean strip configuration will: 1) 
reduce soybean yield losses commonly observed in the corn-
soybean strips; 2) result in small grain higher yields on 
strip edges due to relatively early seeding of small grains 
and resulting low competition in border positions until late 
in the small grain life cycle; and 3) promote corn higher 
yields on both corn strip borders similar to that normally 
observed with corn and soybean strips. 
The objectives of this research were to determine in a 
corn-soybean-oats/legume strip intercropping rotation: 1) 
crop yields as affected by the position in the strips, and 
2) the productive potential of the proposed system compared 
13 
to sole cropping. 
MATERIALS AND METHODS. 
The experiments were conducted at two Iowa locations. 
The production system at each location was the three year 
strip intercropping rotation. This rotation is composed of 
corn, followed by soybeans, followed by oats/oats-hairy 
vetch cover crop, or oats interseeded with nondormant 
alfalfa, followed by corn again. Results in this paper 
correspond to the 1989 and 1990 cropping seasons.At the site 
1, following oats harvest, oats and hairy vetch were planted 
in late August as a cover crop. At the site 2, oats were 
interseeded with an alfalfa variety of low dormancy, in 
anticipation of low overwinter survival. 
Site 1. 
Site 1 was located on the Mr. Thomas Frantzen farm, in 
Chickasaw County (Northeast Iowa). The experiments were 
installed inside a commercial production operation using the 
strip intercropping rotation established in 1989. Soybeans 
were produced in this field in 1988. Data was collected from 
each one of the crops in this strip intercropping rotation 
in both 1989 and 1990. 
Oats were seeded in early April in 1989 and late March 
14 
in 1990 with a grain drill having 0.19-m row spacings. Corn 
and soybeans were planted in early to mid May each year. 
Each strip contained four 0.96-in corn or soybean rows or 20 
oat rows. Each strip was 3.8-m wide. Ridge tillage was used 
for row crop production. Ridges were partially leveled for 
small grain production in 1989 and rebuilt for the 
succeeding row crop production. In 1990, ridges were 
precultivated prior to oat seeding on ridges. 
Because of high soil test values, P and K fertilizers 
were not applied. Nitrogen fertilization for corn was based 
on the late spring nitrate test (Blackmer et al., 1989); in 
1989 no N was applied, and in 1990 67 Kg of N/Ha (28% UAN 
solution) was sidedressed in the corn strips in June with a 
spoke wheel applicator. 
Weed control at site 1 consisted of 2,4-D ((2,4-
dichlorophenoxy)acetic acid) application to corn and oat 
strips prior to soybean planting. Alachlor (2-chloro-2•,6•-
diethyl-N-(methoxymethyl)acetanilide) was band applied 
(0.254 m wide bands) over the row for both corn and 
soybeans. Broadleaf weed escapes were controlled by spot 
spraying with Bentazon (3-(l-methylethyl)-(lH)-2,l,3-
benzothiadiazin-4(3H)-one 2,2-dioxide). The row crops were 
cultivated twice. 
In 1989 there were 2 experiments in the corn strips. A 
split plot four block design was used. In each experiment 
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the main treatments were three different corn hybrids, and 
the sub treatments were the positions in the strip, 
corresponding to the .four rows in the strip. Both 
experiments were located on slopes having a Cresco Series 
soil (Fine, loamy, mixed, mesic Typic Argiudoll) in the 
upper part (two blocks), and a Floyd Series soil (Fine, 
loamy, mixed, mesic Aquic Hapludoll) in the lower part (two 
blocks). In one experiment the orientation of the rows was 
E-W. The other 1989 experiment had the crop rows oriented 
NE-SW. The results reported in this paper correspond to the 
strip position effect, averaged over hybrids. Hybrids did 
not have a significant treatment effect on the dependent 
variable, yield. In 1990, there were two four block 
experiments with position in the strip as the only 
treatment. One experiment was oriented N-S while the second 
was E-W. The N-S experiment had plant populations common to 
those of 1989, 60,000 plants/Ha; it was located on a 
moderately eroded Kenyon Series soil (Fine, loamy, mixed, 
mesic Typic Hapludoll). The E-W oriented experiment had 
80,000 plants/Ha, and was located on the Cresco-Floyd soils 
area; this higher plant population was used to observe the 
possibility of better realizing the border rows yield 
potential. 
The soybean yield evaluations were from the Cresco-
Floyd soils area, with the rows oriented E-W. Experiments 
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both years had block designs, with position in the strip as 
the only treatments. The 1989 experiment had five blocks; 
the 1990 experiment had four. 
As with soybeans, oat experiments were on the Cresco-
Floyd soils, and had an E-W orientation. There were five 
replications with three strip harvest positions as the only 
treatments. 
The area harvested in each experimental unit was 23 
m^  for corn and soybeans, and 27 m^  for oats. A Plot combine 
with different grain heads was used to harvest all crops, 
with the exception of the corn strips containing plant 
populations of 80,000 plants/Ha, which were hand harvested. 
Row crops were harvested one row at a time. The three 
harvested positions in the oat strips corresponded to 0.91-m 
wide sections on both borders and in the strip center. 
Site 2. 
Site 2 was located on the Iowa State University McNay 
Research Center, Lucas County. The experiment, established 
in 1988, was on a Haig Series soil (Fine, montmorillonitic, 
mesic Typic Argiaquoll). It had a split plot four block 
design. The main plots were three tillage systems: 1) 
conventional - fall moldboard plowing and two secondary 
tillage operations in the spring; 2) reduced - fall chisel 
plowing and one secondary tillage operation in the spring; 
17 
and 3) no till. The positions in the crops strips were the 
sub plots. 
Oats were seeded each year in early April with a 
grain drill having 0.l9-m row spacings. Corn and soybeans 
were planted in late May in 1989, and in mid June in 1990. 
Each strip contained five 0.76-m spaced corn or soybean rows 
or 20 oat rows. Each strip was 3.8-m wide. Strips had a N-S 
orientation. 
Because of high soil test values, P and K fertilizers 
were not applied. In both years, 67 Kg of N/Ha (28% UAN 
solution) was sidedressed in the corn strips with a point 
injector. Other than 37 Kg of N/Ha point injected in the oat 
strips after oat emergence in 1990, soybean and oat strips 
received no N fertilization. 
No herbicide was used with oats for weed control. In 
corn, alachlor and cyanazine (2-[[4-chloro-6-(ethylamino)-s-
triazin-2-yl]amino]-2-methylpropionitrile), and in soybeans, 
alachor and metribuzin ([4-amino-6-(1,1-dimethylethyl)-3-
(methylthio)-1,2,4-triazin-5(4H)-one]), were applied at 
planting in bands 0.254 m wide, centered on the row. Two 
weed control cultivations were conducted in 1989, and one in 
1990 with both row crops, in all the tillage treatments. 
The alfalfa did overwinter from 1989 to 1990 in 
reduced and no till strips; Glyphosate (N-
(phosphonomethyl)glycine) was applied to control it at the 
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time of corn and soybeans planting. 
With oats, the harvest positions were the same as for 
site 1. With row crops, there were five positions; each crop 
strip contained five - 0.76 m spaced rows. The harvesting 
procedure, including the harvested area of each crop in each 
experimental unit, was the same as that for site 1. Because 
Glyphosate, applied in 1990 to the overwintering alfalfa in 
the reduced and no till strips, resulted in drift damage to 
bordering oat plots, oat harvest was limited this year to 
conventional tilled strips. To better understand the yield 
distribution of oats in the strips, in 1990 oats were hand 
harvested and yield measured row by row in a neighboring 
strip intercropping experiment which was managed with 
conventional tillage. Three meters of row were harvested. 
For both sites the LER was used to compare 
productivity of the three crop strip intercropping rotation 
system to sole cropping. Because sole cropping plots were 
unavailable, the strip center rows were assumed to equal 
sole crop yields and were thus the reference for this 
calculation. Also, the LER was calculated for each 
individual crop in the intercropping system; to do this, 
each single row of corn and soybeans, and each harvested 
0.91 m section in oats, were considered as individual 
components, and the center rows or section were used again 
as the sole crop reference. For oats, the three harvested 
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sections represent 72% of the oats strip area in both sites; 
oats LER in both sites were calculated assuming that the 
unharvested area had the same yield as the center section. 
The LER values were tested for their difference with 1.0 
using the t-test. 
Results presented from these experiments correspond to 
the main effects of position averaged over tillage systems. 
Means comparisons. 
The means of the different positions within strips 
were compared by partitioning the sum of squares 
corresponding to positions into independent contrasts with 
one degree of freedom. With the row crops, these contrasts 
were the border position with one of the neighbor crops 
versus the average of the other positions, the border 
position with the other neighbor crop versus the average of 
the center positions, and the comparisons between these 
center positions (between the two central rows at site 1; 
between the central row and the average of the two lateral 
central rows, and between these last two rows at site 2). 
Only in one case ( 1990 corn at site 1, with row orientation 
N-S), the first contrast was between the average of the two 
border rows and the average of the two central rows. For 
oats, the contrasts were the center position versus the 
average of the two borders, and one border versus the other. 
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Unless otherwise indicated, the differences identified in 
the following section were significant at the 5% level. 
RESULTS AND DISCUSSION. 
Table 1 shows the monthly precipitation from April 
through August at both experimental sites. Both sites 
experienced a precipitation shortage during June, July, and 
August of 1989. This continued a very dry weather pattern 
which existed in 1988. Site 1 had better precipitation early 
in the season in 1989 than did the site 2. At site 2 the 
majority of the 1989 August precipitation occurred after 
August 23, arriving somewhat late for the crops. In 1990 the 
situation reversed totally with both sites experiencing 
above normal precipitation. 
Corn grain yields (corrected to 15% moisture) by 
position at both experimental sites, in 1989 and 1990, are 
presented in Table 2. In 1989 at site 1 there was higher 
yield in both experiments only at the soybeans border 
(position 4). The border with oats (position 1), produced 
yields that were not significantly different than the 
average of the two center rows (positions 2 and 3). Row 
orientation and soil differences between the two 
experiments, did not affect the trend of corn yield 
distribution in the strips. This suggest that the cause of 
Table 1. Monthly precipitation (mm) in both experimental sites 
from April through August, in 1989 and 1990 
MONTH 
1989 
SITE 1 
1990 NORMAL 
(a) 
1989 
SITE 2 
1990 NORMAL 
(b) 
APRIL 105 102 76 20 82 89 
MAY 87 89 97 147 161 97 
JUNE 76 152 110 74 155 119 
JULY 62 204 112 70 198 94 
AUGUST 51 178 100 120 91 98 
(a) New Hampton, 16 Km from site 1 (USDC-NOAA, 1990). 
(b) Chariton, at site 2 (USDC-NOAA, 1990). 
Table 2. Corn yields (Mg/Ha) by position of the different experiments conducted 
each year in each experimental site 
LOCATION 
YEAR, 
STRIP 
ORIENT. 1(b) 
POSITION IN THE STRIP 
2 3 4(c) 5(d) 
ST. 
DEV. 
(e) 
SIG. 
CON­
TRASTS 
SITE 1 1989,E-W 10.72 10.12 10.15 12.12 0.32 
(27) 
4 VS. 
OTHERS 
1989,NE-
SW 
7.7 7.96 8.31 10.84 0.21 
(27) 
4 VS. 
OTHERS 
1990,E-W 
(a )  
14.05 11.71 11.73 14.33 0.73 
(9)  
1 VS. 
OTHERS 
4 VS. 2 
AND 3 
1990,N-S 11.77 9.79 10.19 11.23 0.64 
(9) 
1 AND 4 
VS. 2 AND 
3 (10%) 
SITE 2 1989,N-S 4.88 6.23 6.41 6.29 6.9 0.38 
(36) 
1 VS. 
OTHERS 
1990,N-S 10.2 8.97 8.44 8.8 10.63 0.25 
(36) 
5 VS. 
OTHERS 
1 VS. 2,3 
AND 4 
(a). Plant population of 80,000 plants/Ha. 
(b), (c) , (d), Oats border, soybeans border in Site 1, and in Site 2, respectively, 
(e), inside brackets, degrees of freedom associated with each standard deviation. 
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this pattern was more important than possible microclimatic 
differences due to row orientation. At site 2, corn yields 
were reduced in 1989 at the oats border (position 1), 
compared with the average of the other four positions. There 
was a trend toward higher yielding at the soybeans border 
(position 5), but it was not statistically significant. Soil 
water competition during May, June, and the first half of 
July, by the oats at the corn border, seemed to enhance 
drought stress and reduced corn yield potential for both 
sites under the dry 1989 conditions. 
Increased water availability during the 1990 growing 
season, resulted in a significant higher yielding trend at 
both border positions of the corn strips, at both 
experimental sites. The increased plant population at site 1 
(E-W row orientation), resulted in very high corn yields, 
and very clear higher border yields in 1990. 
Table 3 shows 1989 and 1990 oat yields (corrected to 
13% grain moisture) by strip position from both experimental 
sites. In all the experiments, there was a significant trend 
for border higher yields. At site 1 this trend was 
significant only at the 10% level. Figure 1 shows 1990 row 
by row oat yields, based on four replications, obtained in a 
second experiment at site 2. The potential for higher yields 
at the strip borders, and the yield depression suffered by 
the rows planted in the wheel tracks of the controlled 
Table 3. Oat yields (Mg/Ha) by position of the experiments conducted 
each year in each experimetal site 
LOCATION YEAR 
—POSITION 
1, CORN 
(a) 
IN THE 
2 
STRIP-
3,SOYBEANS 
ST. 
DEV. 
(b) 
SIGNIFICANT 
CONTRASTS 
SITE 1 1989 5.02 4.49 4.92 0.23 
(8) 
2 VS 
OTHERS(10%) 
1990 3.61 3.1 3.5 0.24 
(8) 
2 VS 
OTHERS(10%) 
SITE 2 1989 3.01 2.84 3.39 0.09 
(18) 
2 VS OTHERS 
1990 4.98 4.24 4.87 0.17 
(6) 
2 VS OTHERS 
(a) Crop bordering given position. 
(b) Between brackets, degrees of freedom associated to each standard deviation. 
Figure 1. Row by row oat yields at Site 2; conventional 
tillage, 1990. 
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7 1 
WHEEL TRACK WHEEL TRACK 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
C O R N  B O R D E R  ROW NUMBER S O Y B E A N S  B O R D E R  
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traffic pattern is apparent. At site 1, where all soil and 
crop management operations within the experiments are 
conducted as a part of the normal farm operations, oat 
border rows were damaged in some replications during soybean 
cultivations. Results in Figure 1, suggest this would 
increase the experimental error by destroying some of the 
outside high yielding oat rows and leaving others intact. 
This may account for the position differences being 
significant only at the 10% level. Also, portions of the 
wheel tracked positions fell within the 0.91 m wide border 
harvest area, resulting in at least one oat row from the 
wheel tracks being included in the border yield estimate. 
This would likely resulted in underestimating the positive 
oat border yields. It should be pointed out that the N 
fertilizer application after emergence in the wet 1990 in 
site 2, could have exacerbated the negative yield effect of 
the wheel tracks. 
Table 4 presents soybean yields by position from both 
experimental sites and years. Except for yields at site 1 in 
1990, there was a trend for lower yields in at least one of 
the borders. In the dry year, this depression was 
significant in both borders at site 1. At site 2, the 1989 
soybean yields were very low because of water stress, but 
they were significantly lower in the border row with oats 
than other rows. This yield distribution at site 2 was 
Tabla 4. Soybean yields (Mg/Ha) by position of the different 
experiments conducted each year in each experimental site 
POSITION IN THE SRIP 
LOCATION YEAR 1(a) 2 3 4(b) 5(c) ST. 
DEV. 
(d) 
SIGNIFICANT 
CONTRASTS 
SITE 1 1989 2.36 3. 0 2. 98 2.47 0.1 
(12) 
1 
4 
VS. OTHERS 
VS. 2,3 
1990 3.13 3. 3 3. 21 3.13 0.08 
(9) 
NS 
SITE 2 1989 1.21 1. 54 1. 67 1.69 1.66 0.06 
(36) 
1 VS. OTHERS 
1990 3.42 3. 33 3. 31 3.13 2.49 0.08 
(36) 
5 VS. OTHERS 
, (b), (c), Oats border, corn border in Site 1, and in site 2, respectively 
Between brackets, degrees of freedom associated to each standard deviation 
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similar to that observed in corn, and like corn it is 
believed due to the same reason, soil water competition 
earlier in the season from the bordering oat strip. In the 
wet year, soybean yield was not depressed in the border row 
positions at site 1, as already stated, while yield was 
lower in the corn border at site 2. In this latter case, 
sunlight competition by the corn is believed to be the main 
reason. 
Table 5 shows the calculated LER values. At site l, 
LER's were calculated only for the E-W strip orientation, 
since a complete data set exists for both years and all 
three crops only in this plot area. 
Corn consistently had a LER > 1, except under the dry 
1989 conditions at site 2. In all cases, soybeans had LER < 
1, but LER tended to be higher, and not significantly 
different of 1.0 in 1990, with high water availability. Oats 
had LER > 1 in all the cases. The strip intercropping system 
had an approximately 5% better performance on a land area 
basis in the wet year (1990) than the estimated sole crop 
production. Under water deficient conditions, the system did 
not show either an advantage or disadvantage (LER not 
significantly different of 1.0). 
LER values are dependent upon sole crop yield 
estimates (see Eq. 1). Using the strip center yields as sole 
crop yields in Eq. 1 could bias LER values, i.e., as 
Table 5. Land equivalent ratios and standard deviations (between 
brackets),for each crop and for the strip intercropping 
system, using the strip centers for the LER reference 
SITE YEAR CORN OATS SOYBEANS STRIP INTERCROP­
PING ROTATION 
SITE 1989 1.06** 1.05* 0.90** l.Olns 
(0.015) (0.055) (0.024) (0.02) 
1 1990 1.10** 1.07** 0.98ns 1.05** 
(0.012) (0.058) (0.012) (0.021) 
SITE 1989 0.96ns 1.06** 0.93** 0.98ns 
(0.051) (0.034) (0.009) (0.023) 
2 1990 1.11** 1.08** 0.95ns 1.05** 
(0.017) (0.021) (0.022) (0.014) 
*, **, Significantly > or < than 1.0 at the 10%, and 5% level, respectively, 
ns. Not significantly different of 1.0 at the 5% level. 
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previously discussed yields of the strip middles can exceed 
sole crop yields and are very seldom less than sole crop 
yields. This would result in conservative, i.e., lower, LER 
estimates than would occur if measured sole crop yields are 
used to make these estimates. 
At site 1 Mr. Frantzen had 80 Ha of open field crops 
in the same rotation as in the strips. In 1989 he had 12.5 
Ha with the strip intercropping rotation, and 55 Ha in 1990. 
Table 6 presents the yields that he obtained in both 
systems, and the LER values calculated for the strip 
intercropping rotation based on his sole cropped field 
yields as reference. In 1989 his data indicated overyielding 
of corn and oats, and underyielding of soybeans in the 
strips compared with the sole cropped fields. This resulted 
in 9% land equivalent advantage for the strip intercropping 
in 1989, based on the LER value. In 1990 there were no yield 
differences between strips and sole cropped fields with oats 
and soybean, but the corn higher yields in the strips was 
responsible for a 6% land equivalent advantage for the strip 
intercropping. He thus observed an advantage for the strip 
intercropping in 1989, that was not detected by the LER 
calculation using the strip internal rows as reference for 
calculating LER, and observed a LER comparable to those 
calculated using strip middles as the LER calculation 
reference in 1990. 
Table 6. Yields of corn, oats, and soybeans in open field sole 
crops and in a strip intercropping rotation, given by 
Mr. T. Frantzen, and LER based on these data 
YEAR SYSTEM CORN OATS SOYBEANS LER: STRIP 
INTERCROPPING 
Mg/Ha 
1989 OPEN FIELD 8.47 4.03 2.96 
STRIPS 10.41 4.43 2.75 
CROP LER 1.23 l^ J^  0.93 1.09 
Mg/Ha 
1990 OPEN FIELD 8.78 2.82 3.43 
STRIPS 10.35 2.82 3.43 
CROP LER 1.18 1.0 1.0 1.06 
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SECTION II. EFFECT OF TILLAGE AND STRIP POSITION ON SOIL 
WATER CONTENT AND CROP YIELD IN A STRIP 
INTERCROPPING ROTATION OF CORN, SOYBEANS, AND 
OATS; I CORN 
Fernando Garcia Préchac 
ABSTRACT. 
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Water availability greatly influences the productive 
potential of strip intercropped corn. No information exists 
however regarding water competition in the borders between 
corn and adjacent crops. A three year strip intercropping 
rotation including corn (Zea mays L.), soybeans {Glycine 
max), and oats {Avena sativa) interseeded with nondormant 
alfalfa (Medicago sativa) for green manure, is being studied 
in Iowa. The objective of this research was to study the 
effect of tillage and position in the corn strips on soil 
water content and corn yield. A split-plot four block 
experiment with three tillage systems (conventional, 
reduced, and no till) as the main plots, and strip position 
as the minor treatments, on a poorly drained Haig Series 
soil (Fine, montmorillonitic, mesic Typic Argiaquoll), was 
evaluated at the ISU McNay Research Center in 1989 and 1990. 
Crop yield and yield components, soil water content with 
neutron probes, early growth, and canopy and air 
temperatures with infrared thermometers were measured. The 
precipitation during June, July, and August was 260 mm in 
1989, and 444 mm in 1990. No till was the best tillage 
system for corn under the dry 1989 conditions, because its 
higher soil water content and better plant water status; no 
till was the worst tillage system under the wet 1990 
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conditions, probably due to excessive soil water. The 
opposite was true with conventional till. Reduced till was, 
in both years, not significantly different from the most 
productive tillage treatment. The border with oats/alfalfa 
had the lower corn yield in 1989, because water stress by 
oat depletion of soil water in this position. The negative 
effect of this border position in 1989 was reduced under no 
till. In 1990 when water was not limiting both borders 
outyielded the center positions. 
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INTRODUCTION. 
Francis et al. (1986), present a review of strip 
intercropping corn and soybeans or drybeans in the eastern 
and midwest USA. Considerable yield variation was observed 
among years and locations. Corn strip yields were between 10 
and 40% higher than sole crop yields, while soybean or 
drybean yields were reduced between 10 and 30%. Land 
equivalent ratios (LER)(Trenbath, 1976) of the strip 
intercropping system rarely fell below the average sole crop 
performance. In years with adequate rainfall, the strip 
intercropping system outyielded sole crops by 10 to 20%, on 
a unit land base. 
With intercropping systems the taller crop tends to 
dominate the photosynthetic active radiation (Allen et al., 
1976). Crops such as corn which are both tall and have a C4 
photosynthetic pathway are ideally suited for maximum 
production with strip intercropping. Shorter crops which 
have C3 photosynthetic pathways compliment crops such as 
corn in this intercropping system. The taller C4 crop more 
efficiently utilizes the intense sunlight in the border 
while the C3 crop carbon exchange rate (CER) under partial 
shading remains relatively high compared with that occurring 
with C4 crops under shading (Gardner et al., 1985). 
The improved performance of strip intercropped corn 
and soybeans, when compared with sole crops, is mainly due 
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to improved light utilization in the external rows of the 
crop strips (Whigham, 1985). This advantage can be at risk, 
however, if there is significant competition for water or 
nutrients between the corn and the neighboring crop strip at 
the border position. In dry years, the soil water depletion 
by bordering crops, particularly those such oats or wheat 
which are planted earlier than corn, could hurt the 
performance of the corn in the bordering rows. 
There is very little available information about 
light, water and nutrient competition relationships in the 
borders, even though Francis et al. (1986) stressed the need 
to quantify the relative importance of light, water, and 
nutrient competition in the competitive interface between 
corn and legume strips. Selected work gives limited insight 
into these relationships however. Hulugalle and Willatt 
(1987), in Australia, studied the seasonal water uptake of 
intercropped soybeans and chilies. The maximum water use by 
both crops did not temporally coincide. Without irrigation 
they observed a temporal stratification of the water uptake 
that was not observed with irrigation. Water competition 
elimination by irrigation was suggested as the explanation 
for the observed difference. The water use of one crop can 
also affect the following season relations under dry 
conditions. Shaw et al. (1972), studied the soil water 
content following alfalfa meadow for 16 years in Iowa. In 
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western Iowa they found that 49 out of 108 site-years 
presented lower soil water content in early spring under 
corn following meadow than under corn following corn, 
meanwhile only 6 site-years had the reverse result. In 
eastern Iowa, only 13 out of 61 site-years showed dryer 
soil, and in 3 cases the soil was wetter under corn 
following meadow than under continuous corn. 
There is no information in the USA which addresses the 
importance of water availability in strip intercropping, 
other than that cited by Francis et al. (1986), Whigham 
(1985), and Whigham and Bharati (1986), which indicate that 
the benefits of intercropping are to be expected when water 
is not a limiting factor. This is in general agreement with 
literature from other countries which addresses 
intercropping systems that include corn and grain legumes. 
Work in Nigeria (Hulugalle and Lai, 1986) comparing corn-
cowpea intercrops in the same or alternate rows with the 
corresponding monocrops, found higher water use efficiency 
of the intercrops in a year with good water availability, 
but not in a dry year. The same intercrop in Brazil (Morgado 
and Rao, 1985) produced a LER greater than one only with 
more than 200 mm of seasonal precipitation. Corn and 
pigeonpeas intercrops in Kenya (Nadar, 1983) showed high LER 
values in rainy years, but LER was reduced in dry years. 
Tillage systems can modify the soil water content. If 
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the surface remains covered with residues, as may occur with 
no till or reduced tillage, the reduction of soil water 
evaporation results in higher soil water contents than that 
for conventional tillage (Blevins et al., 1971; Van Doren 
and Allmaras, 1978; Phillips et al., 1980; Phillips, 1984; 
Thomas, 1985). 
The present research was conducted within a corn, 
soybean, and oats-interseeded-with-alfalfa strip 
intercropping system. The objective of this research was to 
determine the effect of tillage and position in the corn 
strips on soil water content and corn yield. 
MATERIALS AND METHODS. 
The experiment was located at the Iowa State 
University McNay Research Center, Lucas Co., lA, during 
1988, 1989, and 1990. The information presented corresponds 
to the last two years with 1988 the establishment year of 
this study. The soil belongs to the Haig Series (Fine, 
montmorillonitic, mesic Typic Argiaquolls); it is poorly 
drained and has less than 1% slope. 
Corn planting occurred at the end of May in 1989, and 
by mid June in 1990, in rows 0.76 m apart. The corn hybrid 
used was Pioneer 3578. In both years soybeans were planted 
together with corn. Oats were seeded in early April both 
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years. 
The experiment had split plot four block design. The 
main plots corresponded to 3 tillage treatments : 
conventional tillage (CT), fall moldboard plowing and two 
secondary tillage operations in the spring; reduced tillage 
(RT), fall chisel plowing and one secondary tillage 
operation in the spring; and no till (NT). The minor 
treatments were 5 strip positions, corresponding to each one 
of the five rows in the corn strips in the strip 
intercropping rotation. 
Weed control consisted of herbicide application at 
planting on a 0.254 m wide band centered over each row, 
complemented by one or two interrow cultivations during the 
season in all the tillage treatments. The herbicides used 
were Alachlor (2-chloro-2',6'-diethyl-N-
(methoxymethyl)acetanilide), and Cyanazine (2-[[4-chloro-6-
(ethylamino)-s-triazin-2-yl]amino]-2-methylpropionitrile). 
No P or K fertilizers were used because of high soil test 
values. Each year 67 Kg of N/Ha were point injected in the 
rows. 
Soil water content was measured on an approximately 15 
day schedule with neutron probes in 6-0.2 m depth 
increments. One aluminum access tube was installed in each 
one of the following strip position experimental units; corn 
row bordering with soybeans, center corn strip row, and corn 
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row bordering with oats/alfalfa. The probes were calibrated 
in situ with simultaneous gravimetric measurements made on 
three 1989 dates with widely contrasting soil water 
contents. 
Canopy and air temperatures were measured several 
times in each season using an infrared thermometer with an 
air temperature sensor. These measurements were taken 
between 1 and 2 PM on sunny days. Measurements were taken at 
a target distance of around 2 m and at a solid vertical 
angle with the top of the canopy of around 45° to obtain an 
elliptical view area inside the experimental unit (O'Toole 
and Real, 1984). The canopy temperature, as well as its 
difference with air temperature (AT = canopy temperature -
air temperature) are used as indexes of the plant water 
status (Jackson, 1982). 
Early growth was evaluated in 1989 through an 
estimation of Leaf Area Index (LAI). Plant population and 
the average leaf area per plant were estimated in each 
experimental unit. Leaf area per plant was estimated by 
accumulating the products of maximum lengths and widths of 
all the fully expanded leaves and multiplying by 0.75 
(Montgomery, 1911). Three representative plants in each 
experimental unit were used for this estimate. In 1990, 
early growth evaluation was done measuring the average dry 
weight per plant, also based on a three plant sample in each 
44 
experimental unit. 
Yields were evaluated using a one row plot combine. A 
row length of 30.5 m was harvested for each experimental 
unit. Grain moisture was measured with an electronic sensor 
in the weighing device of the combine. 
Yield components were evaluated as follows: Plant 
population and ears per plant were determined by counting 
the number of plants and ears in 2 m row length at harvest; 
weight of 100 kernels resulted from weighing 100 random 
kernels, determining water content, and adjusting to 15% 
grain moisture; kernels per ear were based on estimated ear 
number in 30.5 m of row as described above, the weight of 
grain harvested, and the determined kernel weight. 
The main effects and the interaction sum of squares in 
the ANOVAS were partitioned into single degree of freedom 
independent contrasts of means. Unless otherwise stated, the 
differences identified in this paper are significant at the 
5% level. The standard deviations reported for the 
interaction means are based on the weighted mean of errors 
"a" and "b", as described by Cochran and Cox (1957). 
RESULTS AND DISCUSSION. 
Precipitation. 
Table 1 presents the monthly precipitation at the ISU 
Table 1. Monthly precipitation (mm), McNay Research Center, 
Lucas County, Iowa 
Month Normal (a) 1989 1990 
MARCH 62. 5 7. 87 74. 93 
APRIL 89. 0 19. 56 82. 04 
MAY 97. 0 147 .07 161 o
 
w
 
JUNE 119. 0 74. 17 155 .19 
JULY 94. 0 69 .6 197 .87 
AUGUST 98. 0 119. 63(b) 90. 68 
SEPTEMBER 112. 8 132 
00 o
 62. 23 
(a) Chariton, Iowa (USDC-NOAA, 1990). 
(b) 96.52 mm AFTER AUGUST 23. 
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McNay Research Center, from April through September, for 
1989 and 1990. There was a precipitation deficit during 
June, July, and the majority of August in 1989. 
Precipitation distribution in 1990 was just the opposite 
that of 1989, with abundant rain throughout the summer. 
Soil water content. 
Figures la and lb display the total soil water 
content, added over the 1.2 m soil profile depth, for the 
1989 season. Tillage affected soil water content (fig. la) 
such that no till > reduced till > conventional till soil 
water contents throughout the season. These differences were 
significant except on August 18 and September 7, when 
reduced and conventional tillage were not significantly 
different. Strip position affected soil water content (fig. 
lb) such that soybeans border > center > oats/alfalfa border 
soil water contents throughout the season. The contrasts 
indicated that the strip center soil water content was not 
significantly different than that for the average of the 
borders, but the border with oats/alfalfa had soil water 
content that was significantly below that in the border with 
soybeans, except on June 23. If The center is compared with 
the oats/alfalfa border using the LSD, the center position 
had significantly more soil water except on June 23 and 
September 7. The interactions were not significant, except 
Figure 1. Soil water content in 1.2 m depth under corn 
during the 1989 season by tillage (a), and by 
strip position (b) 
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on June 9, when the difference between both borders was 
smaller in no till than in the average of the other tillage 
treatments. The same analysis made by depth, showed,in 
general, the same significant differences at all depths 
throughout the season. 
No till and reduced till tended to have higher soil 
water contents than conventional till in 1989, probably due 
to surface residues reducing evaporation. The lower soil 
water at the border with oats/alfalfa was due to June and 
early July soil water extraction by the oats. In general, 
there was a trend for no till to have higher soil water 
content than the other tillage systems at the border with 
oats/alfalfa, but this interaction was significant only on 
June 23. 
Figure 2 presents volumetric soil water content with 
depth for all combinations of tillage and positions on June 
9 and August 18, the dates with the highest and lowest 
measured soil water contents, respectively, in 1989. The 
total depletion in the 1.2 m of soil during this period, 
displayed at the lower left corner of each graph, was 
significantly higher for no till than for the average of the 
other tillage treatments, and for reduced than for 
conventional till. There were no significant differences in 
total depletion due to strip position, nor significant 
interactions. If water depletion is analyzed by depth, no 
Figure 2. Volumetric soil water content profiles under corn on June 9, and 
August 18, 1989, the dates with highest and lowest soil water 
contents in the 1989 season, respectively, by tillage and strip 
position. The values shown at the lower left corner in each graph 
correspond to the total soil water content difference to 1.2 m 
depth, between both dates 
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differences due to the main effects (tillage) nor 
interactions (tillage x position) are significant in the 
upper three depth increments. At 0U6-O.8, and 0.8-1.0 m the 
depletion was higher with no till than with the average of 
the other tillage treatments, and in reduced than in 
conventional till. This last difference was the significant 
only at 1.0-1.2 m. In general, as when considering the total 
depletion, there were no significant position effects, nor 
interactions in the analysis by depth. 
Greater depletion under no till, in the 0.6-1.0 m 
depth zone, when compared with the other tillage treatments, 
and in reduced compared with conventional till in the 1.0-
1.2 m depth zone, was correlated with the yield differences; 
the correlation coefficient between the discussed soil water 
depletion and corn yields was significant at the 5% level 
(r=0.7). The lack of significant soil water depletion 
difference between the oats/alfalfa border and the other 
positions, indicates that the lower soil water content in 
the oats/alfalfa border observed in Figure lb was caused by 
depletion differences prior to the period of maximum soil 
water depletion considered. 
The total soil water content in the 1.2 m soil profile 
during the 1990 season is presented in Fig. 3a for the three 
tillage treatments, and in Fig. 3b for the three strip 
positions. In general, high values, small differences, and 
Figure 3. Soil water content in 1.2 m depth under corn 
during the 1990 season by tillage (a), and by 
strip position (b) 
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small changes with time were observed. No till tended to 
have higher values, with this trend significant on all the 
dates, but only at the 7% level on July 30 and August 22. No 
significant differences due to position nor significant 
interactions were observed. 
Because of the excessive rainfall in 1990, the 
seasonal soil water depletion was not significantly affected 
by tillage or position treatments. However, during the 
August 22 to September 8 period there was no precipitation, 
and measurable soil water depletion was observed - 41.8 mm 
in conventional till, 18.8 mm in reduced till, and 10.6 mm 
in no till. These differences were significant. There were 
no significant position differences nor significant 
interactions. Analyzing the previously considered depletion 
by depth increments, the differences between tillage 
treatments were significant at 0-0.2, 0.2-0.4, and 0.4-0.5 
m, but not deeper in the profile. As in 1989, depletion was 
related with yields. Under the dry 1989 conditions, soil 
water depletion differences were observed progressively 
deeper in the soil profile. With above normal rainfall which 
occurred in 1990 differences were detectable only in the 
upper profile layers. 
Canopy and air temperatures. 
Canopy and air temperatures were measured on July 7, 
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13, and 28 in 1989. Table 2 shows the canopy temperatures 
obtained on July 28, the date closest to tasseling. The no 
till mean was significantly lower than the average of the 
other tillage treatments. The canopy temperature at the 
center of the strips was significantly lower than the 
average at the borders, and the border with oats/alfaIfa had 
higher canopy temperature than the border with soybeans. The 
values of AT (Table 2, inside brackets) indicated the same 
differences between tillage treatments and positions, but 
also that the difference between the borders and the center 
positions was smaller in no till than in the other tillage 
treatments. The results on July 7 and July 13 (not 
presented) showed, in general, the same significant 
differences and interactions. 
Canopy temperatures and AT*s were negatively 
correlated with available soil water patterns indicating 
tillage and position treatments with less available water 
were under more stress. 
In 1990, the same measurements were made on July 24 
and August 7. Table 3 presents the canopy temperatures and 
AT's observed on the later date, that closest to tasseling. 
No significant main effects, nor interactions were observed. 
The measurements made on July 24 (not presented) showed the 
same trends, but a small difference (around 1°C) in canopy 
and air temperature favoring no till was significant. When 
TABLE 2. Corn canopy temperature and AT (Inside brackets),between 
1 and 2 PM, on July 28, 1989, (°C) 
POSITION NO TILL RED. TILL CONV. TILL MEAN 
CENTER 31.86 32.2 34.4 32.81 
(-6.2) (-5.03) (-4.27) (-5.17) 
SOYBEANS 31.77 33.13 33.7 32.87 
(-6.9) (-3.37) (-3.07) (-4.44) 
OATS/ALF. 33.26 36.43 36.87 35.52 
(-5.03) (-2.87) (-1.47) (-3.12) 
MEAN 32.3 33.92 34.99 
(-6.04) (-3.76) (-2.93) 
STANDARD DEVIATIONS: Tillage ineans:0.96(0.86); Position means: 
0.29(0.25); Interaction means:0.69(0.62). 
SIGNIFICANT CONTRASTS: 
Canopy Temperature: 
Tillage: No till < other tillage treatments. 
Position: Center < average of other positions. 
Border with oats/alfalfa > border with soybeans. 
AT: 
Tillage: No till > other tillage treatments. 
Position: Center > other positions. 
Border with oats/alfalfa < border with soybeans. 
Interactions: The difference between border and center positions 
varied with tillage systems. 
TABLE 3. Corn canopy temperature and AT (inside brackets),between 
1 and 2 PM on August 7, 1990, (°C) 
POSITION NO TILL RED. TILL CONV. TILL MEAN 
CENTER 25.55 24.62 24.57 24.92 
(-3.57) (-4.67) (-3.32) (-3.86) 
SOYBEANS 25.27 24.55 24.8 24.87 
(-3.75) (-3.67) (-2.87) (-3.43) 
OATS/ALF. 25.05 24.55 24.02 24.54 
(-3.57) (-3.82) (-3.6) (-3.67) 
MEAN 25.29 24.57 24.47 
(-3.63) (-4.05) (-3.27) 
STANDARD DEVIATIONS : Tillage means: 0.58(1.53); Position means: 
0.22(0.4); Interaction means:0.45(1.05). 
There were no significant differences. 
59 
the soil is not totally covered by the canopy, higher air 
temperature in no till, compared with conventional tillage, 
has been attributed to higher albedo and less evaporation 
due to the residues with no till (Thomas, 1985). 
Initial growth. 
In 1989, the Leaf Area Index measurements on June 15 
(Table 4) indicated that plants in the no till treatment 
initially grew more slowly than plants in the other tillage 
treatments. There was no effect of position nor significant 
interactions. In 1990 the average dry weight per plant was 
determined on July 9 (Table 5); no significant differences 
nor interactions were observed. 
The results observed in 1989 are in agreement with the 
information in the literature (Fortin and Pierce, 1990 ) 
showing slower initial growth and development in no till 
than in conventional tillage. This is mainly due to lower 
soil temperature under no till, because the residue cover 
reflects more of the incoming radiation, has less heat 
conductivity than the soil below, and reduces evaporation 
keeping the soil wetter. The wetter soil has more heat 
capacity and more heat conductivity. Therefore, all these 
effects tend to produce a cooler soil near the surface, were 
the small plants root system is located. In 1990 planting 
was 18 days later than in 1989. It is likely that there were 
TABLE 4. Corn leaf area index on June 15, 1989 
POSITION NO TILL RED. TILL CONV. TILL . MEAN 
CENTER 0.09 0.3 0.24 0.21 
SOYBEANS 0.12 0.28 0.35 0.25 
OATS/ALF. 0.19 0.34 0.28 0.27 
MEAN 0.13 0.3 0.29 
STANDARD DEVIATIONS: Tillage means: 0.036; Position means: 
0.014; Interaction means: 0.029. 
SIGNIFICANT CONTRASTS: 
Tillage: No till < average of reduced and conventional tillages. 
TABLE 5. Corn dry weight per plant (g) on July 9, 1990 
POSITION NO TILL RED. TILL CONV. TILL MEAN 
CENTER 33 .72 33. 51 29. 16 32. 12 
SOYBEANS 26. 43 44. 26 28. 67 33. 12 
OATS/ALF. 30. 92 39. 84 34. 43 35. 07 
MEAN 30. 36 39. 2 30. 75 
STANDARD DEVIATIONS: Tillage means: 8.48; Position means: 2.44; 
Interaction means: 5.47. 
There were not significant contrasts. 
62 
no important differences in soil temperature because of the 
later planting and because the soil water contents were not 
very different, as was already shown. 
Grain yield. 
In 1989, conventional tillage corn yield was below 
that of the other tillage systems (table 6), and corn yield 
at the oats/alfalfa border was below the average of the 
other positions. In no till, the highest corn yield occurred 
at the oats/alfalfa border - a marked contrast from 
observations in the other tillage treatments. Yields were 
directly related to soil water content and inversely related 
to plant water status (canopy temperature), i. e., 
treatments having lower soil water content and higher canopy 
temperatures close to tasseling also had lower yields. 
In 1990, no till had lower yields than did the other 
tillage treatments, and the border positions outyielded the 
center ones (table 7). In 1990 there was no water deficit, 
and more likely a water surplus, particularly in no till. 
Under these conditions, literature (Blevins, 1984) indicates 
no till would likely result in a relatively poor 
performance. Under conditions of nonlimitng water, the 
higher border yield was most likely related to better solar 
radiation availability. 
TABLE 6. Corn yields with 15% moisture in 1989 (Mg/Ha) 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,SOYBEANS 6.79 7.82 6.08 6.9 
2 6.84 7.0 4.86 6.23 
3,CENTER 6.93 7.28 5.01 6.41 
4 6.57 7.15 5.16 6.29 
5,0ATS/ALF. 7.2 4.37 3.06 4.88 
MEAN 6.87 6.72 4.83 
STANDARD DEVIATIONS: Tillage means: 1.19; Position means: 0.29; 
Interaction means: 0.67. 
SIGNIFICANT CONTRASTS: 
Tillage: Conventional till < reduced till; (no till no different 
of the average of reduced and conventional till). 
Position: Oats/alfalfa border < average of the other 4 rows. 
Interactions: The yield difference between the oats/alfalfa border 
and the other positions varied between tillage 
treatments. 
TABLE 7. Corn yields with 15% moisture in 1990 (Mg/Ha) 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,SOYBEANS 8.48 11.53 11.88 10.63 
2 7.8 8.86 9.73 8.8 
3,CENTER 7.91 8.7 8.72 8.44 
4 8.0 9.11 9.8 8.97 
5,0ATS/ALF. 9.55 10.61 10.44 10.2 
MEAN 8.35 9.76 10.12 
STANDARD DEVIATIONS; Tillage means: 1.03; Position means: 0.18; 
Interaction means : 0.53. 
SIGNIFICANT CONTRASTS: 
Tillage: No till < average of reduced and conventional tillages. 
Position: Row 5 > average.of the other 4 rows. 
Row 1 > average of rows 2,3, and 4. 
Interaction: In no till, the difference between row 1 and the 
average of rows 2,3, and 4, was smaller than in the 
average of the other tillage treatments. 
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Yield components. 
Plant population. There were no significant 
differences in the plant population at harvest in either 
year. In 1989 the average plant population was 69,490, and 
in 1990 66,530 plants/Ha. 
Ears per plant. In 1989 the treatments had no 
significant effect on the number of ears per plant (Table 
8); the general average was 0.98. On the contrary, the 
number of ears per plant was affected both by tillage and 
position in 1990 (Table 9). The values were lower in no till 
than in the other tillage treatments, and both borders had 
more ears per plant than did the center rows. As with 
yields, the difference between the border with soybeans and 
the center rows was smaller in no till than in the other 
tillage treatments. The general average in 1990 was 1.097, 
indicating better environmental conditions for corn 
production than in 1989, even when planting was 18 days 
later. 
Kernels per ear. Table 10 presents the 1989 results. 
Conventional till had a significantly lower value than the 
average of the other two tillage treatments; the border with 
oats/alfalfa was below the average of the other four 
positions; and the border with soybeans was below the 
average of the three center rows. There were no significant 
interactions. With the exception of the soybean border data, 
TABLE 8. Corn ears per plant at 1989 harvest 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,SOYBEANS 1.0 1.0 1.0 1.0 
2 1.0 0.95 1.0 0.98 
3,CENTER 0.95 1.0 0.95 0.97 
4 0.97 0.95 0.97 0.96 
5,OATS/ALF. 1.0 0.96 1.0 0.99 
MEAN 0.98 0.97 0.98 
STANDARD DEVIATIONS: Tillage means: 0.04; Position means: 
0.029; Interaction means: 0.044. 
There were no significant contrasts. 
TABLE 9. Corn ears per plant at 1990 harvest 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,SOYBEANS 1.08 1.27 1.22 1.19 
2 1.0 1.06 1.08 1.05 
3,CENTER 1.02 1.0 1.1 1.04 
4 1.0 1.02 1.05 1.02 
5,0ATS/ALF. 1.13 1.22 1.2 1.18 
MEAN 1.05 1.11 1.13 
STANDARD DEVIATIONS: Tillage means: 0.06; Position means: 
0.018; Interaction means: 0.038. 
SIGNIFICANT CONTRASTS: 
Tillage; No till < average of the other tillage treatments. 
Position: Row 5 > average of the other 4 rows. 
Row 1 > average of rows 2,3, and 4. 
Interaction: The difference between row 1 and rows 2,3 and 4 
varied between tillage treatments. 
TABLE 10. Corn kernels per ear at 1989 harvest 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,SOYBEANS 305 397 250 317 
2 416 440 363 407 
3,CENTER 434 449 414 432 
4 449 428 212 363 
5,0ATS/ALF. 389 349 147 295 
MEAN 399 413 277 
STANDARD DEVIATIONS: Tillage means: 40.02; Position means: 
21.18; Interaction means: 34.89. 
SIGNIFICANT CONTRASTS: 
Tillage: Conventional till < reduced till; (no till was not 
different of the average of reduced and conventional till). 
Position; Row 5 < average of the other 4 rows. 
Row 1 < average of rows 2,3, and 4. 
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these results coincide with the soil water content and plant 
water status measurements, and yields. This yield component 
is the one moot likely affected by water stress during 
pollination (Claassen and Shaw, 1970). 
In 1990 (Table 11), the difference between no till and 
the other tillage treatments was not significant, but the 
trend was the same as that observed with yields. The border 
rows had significantly more kernels per ear than the average 
of the center rows. There were two significant interaction 
contrasts. One of them indicated that the difference between 
the oats/alfalfa border and the average of the other four 
positions was greater in no till than in the other tillage 
treatments, due mainly to the lower yield at the soybean 
border. This coincides with the yield interactions, and 
suggests that under no till some growing factor was more 
limiting for corn at the soybeans than at the oats and 
alfalfa border; water was not limiting in 1990, and if light 
were the only limiting factor, the effect should also have 
been present in the other tillage treatments. This suggests 
the causal effect was soil related. Measurements in an 
adjoining experiment indicated that nitrogen availability 
was lower in no till than in the other tillage treatments. 
At the oats/alfalfa border the oat competition for N 
virtually ceased when oats matured (the later alfalfa growth 
was poor due to high soil water content and low 
TABLE 11. Corn kernels per ear at 1990 harvest 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,SOYBEANS 540 638 616 598 
2 507 553 562 540 
3,CENTER 577 571 545 565 
4 510 557 582 550 
5,0ATS/ALF. 621 572 607 600 
MEAN 551 578 582 
STANDARD DEVIATIONS: Tillage means: 35.88; Position means: 
10.35; Interaction means; 21.72. 
SIGNIFICANT CONTRASTS: 
Position: Row 5 > average of the other 5 rows. 
Row 1 > average of rows 2,3, and 4. 
Interaction: The difference between row 5 and the average of the 
other 4 rows, was greater in no till than in the 
average of the other tillage treatments. 
The difference between row 3 and the average of rows 
2 and 4, was greater in no till than in the average 
of the other tillage treatments. 
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temperature). Meanwhile, at the soybean border competition 
for N existed throughout the Season, and with less available 
N in no till, soybean competition could conceivably have had 
a greater impact on corn yield than with other tillages. The 
other significant interaction indicated that the difference 
between the center row (untracked on either side) and the 
two adjacent center rows (both tracked on one side) was more 
important in no till than in the other tillage treatments. 
Kernel weight. In 1989 corn kernels were lighter under 
conventional till than under other tillages, and were 
heavier at the border with soybeans than at the other 
positions (Table 12). This latter occurrence compensated for 
the lower kernel count per ear at the border with soybeans, 
resulting in a soybean border yield similar to the average 
of the center positions. As with yield, the difference 
between the oats/alfalfa border and the other positions was 
less under no till than under the other tillage treatments, 
resulting in a significant interaction. Kernel weight in the 
oats/alfalfa border tended to be lighter than that observed 
in the other positions, however the contrast was made with 
the three central rows and was not significant. Kernel 
weight tends to be lower if there is stress during the grain 
filling period (Claassen and Shaw, 1970). 
Table 13 shows that in 1990 kernels were heavier at 
both border positions than other positions, and that the 
TABLE 12. Weight of 100 corn kernels at 15% moisture from the 
1989 harvest (g) 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,SOYBEANS 31.4 30.21 29.7 30.44 
2 30.5 28.91 28.67 29.37 
3,CENTER 28.58 31.67 25.82 28.69 
4 28.18 30.05 25.84 28.02 
5,0ATS/ALF. 30.84 27.85 25.16 27.95 
MEAN 29.9 29.74 27.04 
STANDARD DEVIATIONS: Tillage means: 1.15; Position means: 
0.73; Interaction means: 1.15. 
SIGNIFICANT CONTRASTS: 
Tillage: Conventional till < reduced till; (no till was not 
different of the average of reduced and conventional till). 
Position: Row 1 > average of rows 2,3, and 4. 
Interaction: The difference between row 5 and the average of the 
other 4 rows varied with tillage treatment. 
TABLE 13. Weight of 100 corn kernels at 15% moisture content 
from the 1990 harvest (g) 
ROW NO TILL RED. TILL CONV. TILL MEAN 
5,SOYBEANS 28.62 27.93 30.79 29.18 
2 25.23 26.05 27.3 26.2 
3,CENTER 25.67 26.43 27.88 26.66 
4 26.98 26.51 26.75 26.75 
5,0ATS/ALF. 28.56 30.14 28.84 29.11 
MEAN 27.01 27.41 28.31 
STANDARD DEVIATIONS: Tillage means: 1.53; Position means: 
0.33; Interaction means: 0.83. 
SIGNIFICANT CONTRASTS: 
Position: Row 5 > average of the other 4 rows. 
Row 1 > average of rows 2,3, and 4. 
Interaction: The difference between row 5 and the other 4 rows is 
smaller in conventional than in reduced till. 
74 
differences between the tillage treatments were not 
significant. The difference between the oats/alfalfa border 
and the other positions was significantly smaller in 
conventional till than in reduced tillage. 
Grain moisture at harvest. 
Grain moisture differences at harvest were significant 
only at the 6% level in 1989, with no till resulting in 1 -
2% drier grain than the other tillage treatments. In 1990 no 
till had significantly wetter corn than the average of the 
other tillage treatments. There was a no significant 
position effect on grain moisture. Treatments which had 
higher yields tended to have dryer grain at harvest in both 
years. 
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SECTION III. EFFECT OF TILLAGE AND STRIP POSITION ON SOIL 
WATER CONTENT AND CROP YIELD IN A STRIP 
INTERCROPPING ROTATION OF CORN, SOYBEANS, 
AND OATS; II SOYBEANS AND OATS 
Fernando Garcia Préchac 
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ABSTRACT. 
The literature indicates that strip intercropping 
productive advantages depend on water availability. A three 
year strip intercropping rotation including corn (Zea mays 
L.), soybeans (Glycine max), and oats (Avena sativa) 
interseeded with nondormant alfalfa (Medicago sativa) for 
green manure, is being studied in Iowa. The objective of 
this research was to study the effect of tillage and 
position in the soybean and oat strips on soil water content 
and crop yields. A split-plot four block experiment with 
three tillage systems (conventional, reduced, and no till) 
as the main plots, and strip position as the minor 
treatments, on a poorly drained Haig Series soil (Fine, 
montitiorillonitic, mesic Typic Argiaquoll) , was evaluated at 
the ISU McNay Research Center in 1989 and 1990. Crop yields, 
soil water content with neutron probes, soybeans early 
growth, and soybeans canopy and air temperatures with 
infrared thermometers were measured. The precipitation 
during May through August was 410 mm in 1989 and 605 mm in 
1990. Under dry conditions no till was the best tillage 
system for soybeans, because it had higher soil water 
content and better plant water status. Tillage system 
effects were not different under wet conditions, either in 
soil water content or soybean yields. In the dry year 
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soybeans yield was lower at the oats/alfalfa border which 
corresponded with lower soil water content and increased 
plant water stress than at other positions. In the wet year, 
soybeans yield was lower in the corn border, but it was not 
related to water availability. Soil water content in the dry 
year was higher with no till under oats/alfalfa, but this 
was not reflected in oat yields. In the wet year soil water 
content was not affected by the tillage systems. The border 
oat strip positions overyielded the center in both years; in 
1989 the center showed less soil water extraction from the 
deeper soil layers than the borders. 
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INTRODUCTION. 
In a related paper (Garcia 1991a), cited literature 
indicates that strip intercropping corn (Zea mays L.) and 
soybeans (Glycine max) generally results in the corn strips 
overyielding corn sole crops between 10 and 40%, and the 
soybean strips underyielding soybean sole crops between 10 
and 3 0%. Most results indicate intercropping has greater 
production potential than the sole crops on a land 
equivalent basis, particularly when water is not limiting. 
Including a strip of small grain interseeded or 
followed by a legume in the narrow strip rotation of corn 
and soybeans resulted in increased production compared to 
that for the sole cropping, except under water stress 
conditions (Garcia et al., 1991). This benefit is in 
addition to those associated with increased production 
diversification, and possible rotation effects. 
The relationship between crops grown in narrow strips 
is quite complex due to microclimate changes induced by 
bordering crop strips and competition in the border 
positions. Somewhat typical soybean yield results for a 
corn-soybean strip intercropping system were observed by 
Pendleton et al. (1963). With four or six row strips, 
soybean yields were lowest in the outer pair of rows 
(bordering corn rows) and were highest in the strip center. 
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The strip center rows yielded lower than the sole cropped 
soybeans however. A broader characterization of corn border 
row effects on soybean growth and yields may be found in 
work of Radke and Hagstrom (1976). They compared fourteen-
row soybean strips placed between two-row corn strips with 
sole cropped soybeans in Minnesota for seven years. Strips 
were oriented perpendicular to the prevailing North and 
South winds. The maximum growth and grain yield in the 
fourteen-row soybean strips occurred at positions located 
between the border rows and the strip center position. Only 
the two border soybean rows, those in direct competition 
with the corn rows, had lower yields than the sole crop 
yields. The average yield of the entire soybean strip over 
the seven year period was about 13% greater than that of the 
sole crop. Microclimate modifications in the soybean strip 
induced by the two corn rows included: 1) wind speed 
reduction near the corn rows reducing water evaporation, 2) 
radiation reduction near the corn rows due to shading, and 
3) air temperature amplitude increase as one moves closer to 
the corn border. Despite the lower evaporative demand next 
to the corn rows, soybeans in this position had increased 
stomatal resistances and lower transpiration per unit dry 
matter suggesting water competition with the corn was 
occurring. Averaged across the soybean strip, however, the 
plant water status was better than it was for the sole 
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cropped soybeans. The authors suggest the average soybean 
strip row had higher transpiration to evaporation ratio, 
resulting in more efficient water use. 
Others also suggest that a relatively tall crop, such 
as corn, could play a significant role in affecting the 
microclimate and growth of neighboring crops. Rosemberg et 
al. (1983), in a review of windshield effects on crops, 
surmised that shelters consistently: 1) alter the 
microclimate, 2) reduce potential and actual 
évapotranspiration, 3) improve water relations of the 
sheltered crop, 4) provide improved opportunity for net 
photosynthesis, and 5) generally increase yields. Net 
photosynthesis is generally favored due to better plant 
water status and reduced night respiration (the latter 
resulting from lower minimum air temperature). These 
generalities are subject to variation depending primarily 
upon water availability. Windshield benefits in terms of 
yields may be more consequential with good water 
availability. This was observed by Frank et al. (1974) in 
North Dakota. They used artificial slat fence barriers to 
shelter soybeans and found better plant water status and 
yield than in sole crops when irrigation was used, but not 
when water was limiting. The authors suggest that the 
sheltered plants grew faster than the sole crop, and under 
water shortage they depleted earlier the soil water 
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suffering more stress later in the season. 
While substantial literature exists on soybeans and 
strip intercropping, there is virtually none addressing 
small grain response to this cropping system. A few related 
papers address small grain response to windshields or 
shelters. In general, windshields increased small grain 
yields at a variety of research locations, particularly 
under windy conditions and under an intermediate level of 
water stress (Aese and Siddoway, 1974; Skidmore et al., 
1975; Hough and Cooper, 1988; McConkey et al., 1990). 
Relatively early planting of small grains in the Corn 
Belt, creates a unique microclimate for the border of the 
small grain strip planted in the strip intercropping 
configuration. These borders will receive no or very little 
competition from the adjacent corn or soybean strips until 
the small grain reaches the maturing stages of its life 
cycle. By this time the shading by the corn may actually be 
favorable in reducing heat stress on the small grain. Under 
water deficient conditions, the small grain may benefit by 
extracting water from the adjacent corn or soybean strips 
prior to corn or soybean planting. With water availability 
seemingly an important aspect for this system, it is further 
anticipated that tillage could play an important role in 
modifying the water available for all crops, as indicated in 
a related paper (Garcia, 1991a), and therefore affect the 
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interactions in the border positions between crops. 
The objective of this study was to evaluate, for a 
corn-soybeans-oats/alfalfa strip intercropping system, the 
effect of tillage and strip position on soil water content 
and yields of soybeans and oats. 
MATERIALS AND METHODS. 
The experimental site and soil were the same as those 
described by Garcia (1991a). Also the experimental design 
was the same in the case of soybeans. In the case of oats 
the main treatments of tillage were the same, but only three 
strip positions were considered, as described in other paper 
(Garcia et al., 1991). 
The soybeans variety used was Pella 86. Ogle variety 
oats was interseeded with the alfalfa variety CUFIOI. 
Weed control for soybeans was accomplished by applying 
herbicide at planting on a 0.254 wide band centered over 
each row, complemented by one or two interrow cultivations 
during the season in all the tillage treatments. The 
herbicides used were Alachlor (2-chloro-2',6'-diethyl-N-
(methoxymethyl)acetanilide), and Metribuzin (4-amino-6-(l,l-
dimethylethyl)-3-(methyltio)-l,2,4-triazin-5(4H)-one). No 
herbicides were used in oats. No P or K fertilizers were 
used with both crops because of high soil test values. Other 
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than 37 Kg of N/Ha point injected in the oats after oat 
emergence in 1990, soybeans and oats received no N 
fertilization. 
Soil water content under soybeans and oats was 
measured with the same methodology, schedule, and in the 
same strip positions as described for corn in a related 
paper (Garcia, 1991a). The same is true for soybean canopy 
temperature and AT. 
Early growth was evaluated in 1989 through an 
estimation of Leaf Area Index (LAI). Plant population and 
the average leaf area per plant were estimated in each 
experimental unit. Leaf area per plant was estimated using 
the procedure presented by Wiersma and Bailey (1975) using 
three representative plants in each experimental unit. In 
1990, early growth evaluation was done measuring the average 
dry weight per plant, also based on a three plant sample in 
each experimental unit. 
Soybean yield and grain moisture were evaluated as 
described for corn (Garcia, 1991a). Oat yields were 
evaluated as described by Garcia et al. (1991); in 1990 oat 
yields were evaluated only in conventional tillage, because 
of the reasons given in this last paper. 
The main effects and the interaction sums of squares 
in the ANOVAS were partitioned into single degree of freedom 
independent contrasts of means. Unless otherwise stated, the 
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differences identified in this paper are significant at the 
5% level. As indicated in a related paper (Garcia, 1991a), 
the standard deviations reported for the interaction means 
are based in the weighted mean of errors "a" and "b". 
RESULTS AMD DISCUSSION. 
Precipitation. 
The precipitation during 1989 and 1990 is presented in 
a related paper (Garcia, 1991a, Table 1). Below normal 
precipitation occurred in 1989 while above normal amounts 
occurred in 1990. 
Soybeans. 
Soil water content. 
Soil water content under soybeans, added over 1.2 m 
soil profile depth, during the 1989 season is presented in 
Figure 1. Figure la shows that the soil water content was 
affected by tillage and that no till > reduced till > 
conventional till soil water contents throughout the season. 
These differences were significant except on August 18 and 
September 7. Figure lb shows that strip position affected 
soil water content such that center > corn border > 
oats/alfalfa values were measured throughout the season. The 
contrast of means indicated that no significant soil water 
Figure 1. Soil water content in 1.2 m depth under soybeans 
during the 1989 season by tillage (a), and by 
strip position (b) 
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content differences existed between the strip center and the 
corn border position, but the border water content with 
oats/alfalfa was significantly below that of the other 
positions throughout the season. The interactions were 
significant on all days except July 7, and September 7. On 
May 25, July 20, August 1, and August 18, the corn border 
with no till had more and the corn border with reduced and 
conventional till equal or less water than the average of 
the other positions. On June 9, and June 23, the same 
significant interaction contrast indicated that the 
difference in soil water contents between the oats/alfalfa 
border and the strip center row was smaller with no till 
than with the other tillage treatments. 
The analysis of soil water content by depth showed, in 
general, the same trends at all depths as the observed for 
the total water in the soil profile. 
The differences between tillage and position 
treatments were the same as those observed in corn (Garcia, 
1991a). However, for soybeans, there were more significant 
interaction contrasts indicating that the border position in 
the soybean strip was more sensitive to changes in both 
tillage and competitive border crops than was the border 
position in the corn strip. While similar trends existed for 
both crops, treatment interactions were not generally 
significant for corn. Differences in preceding crops and 
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resulting surface residue cover might help clarify the 
interactions involving the corn and soybean strip border 
position. Corn follows oats/alfalfa; in the extremely dry 
1988 there was essentially no alfalfa growth and little 
transpiration. Soybeans follow corn, and despite the 1988 
drought grew, transpired, and yielded around 4 Mg/Ha. 
Surface residue coverage following corn was considerably 
greater than that following oats/alfalfa. 
Figure 2 presents the distribution of volumetric soil 
water content with depth on June 9 and August 18, the dates 
with the highest and lowest soil water contents, 
respectively, measured during 1989 for all the combinations 
of tillage and positions. The total depletion in the 1.2 m 
soil depth during this period, displayed at the lower left 
corner of each graph, was significantly higher in no till 
than that in the average of the other tillage treatments; 
reduced and conventional till were not significantly 
different. The position main effect indicated that the 
border with oats/alfalfa had significantly less soil water 
depletion than the average of the other two positions, but 
the interaction contrasts indicated that this trend was 
reversed in no till; in this tillage treatment, the border 
with oats/alfalfa had more soil water depletion than the 
average of the other two positions. When the soil water 
depletion between June 9 and August 18, 1989, was analyzed 
Figure 2. Volumetric soil water content profiles under soybeans on June 9, 
and August 18, 1989, the dates with highest and lowest soil water 
contents in the 1989 season, respectively, by tillage and strip 
position. The values shown at the lower left corner in each graph 
correspond to the total soil water content difference to 1.2 m 
depth, between both dates 
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by depth, no differences due to the main effects nor 
interaction contrasts were significant in the upper three 
depth increments. In the lower three depth increments, 
significantly more soil water depletion occurred under no 
till than under the average of the other tillage treatments, 
under reduced than under conventional till, and in the 
average of the center and corn border positions than at the 
oats/alfalfa border. At these three deeper increments, the 
border with oats/alfalfa showed higher or equal depletion 
than the other positions under no till, meanwhile it was 
lower under the average of reduced and conventional till. 
Also, at the three lower depth increments the corn border 
under no till had significantly higher depletion than the 
center row, but it was lower with reduced and conventional 
till. 
There was correlation (r=0.81, significant at the 1% 
level) between soil water depletion and soybean yield. 
Therefore, it seems reasonable to assume that the plants in 
the higher yielding no till treatment had deeper root 
systems enabling them to use more water retained deep in the 
profile during the dry first half of August, 1989. 
The 1990 1.2 m soil profile water content is presented 
in figure 3a for the tillage treatments, and in figure 3b 
for the strip positions. As with corn (Garcia, 1991a), high 
values, small differences, and small changes with time were 
Figure 3. Soil water content in 1.2 m depth under soybeans 
during the 1990 season by tillage (a), and by 
strip position (b) 
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observed. But contrasting with the corn results, no 
significant differences due to tillage were observed, and 
only on August 22 did the border with oats/alfalfa have 
significantly more soil water than the average of the other 
positions. The interaction contrasts were not significant. 
The same analysis made by depth showed that the only 
significant differences observed were at the upper two depth 
increments. On the earlier dates no till had more soil water 
than did the other tillage treatments; on the later dates, 
for example August 22, the border with oats/alfalfa had more 
soil water than did the other positions. Nevertheless, these 
differences had no practical significance, as can be 
inferred from the graphs presented in figures 3a and 3b. 
In 1990 the only period during which there was a small 
soil water depletion was between August 22 and September 8. 
The analysis of the total depletion during this period 
showed no significant differences due to tillage or position 
in the strip, nor significant interaction contrasts. The 
means were between 20 and 30 mm. When the analysis was made 
by depth, there were found no significant differences 
either. 
Canopy temperature and AT. 
Canopy and air temperatures were measured on July 7, 
13, and 28 in 1989. Table 1 shows the canopy temperatures 
and AT's measured on July 28, the date closest to the 
TABLE 1. Soybeans canopy temperature and AT (inside brackets), 
on July 28, 1989, (°C) 
POSITION NO TILL RED. TILL CONV. TILL MEAN 
CENTER 32.53 33.73 35.87 34.04 
(-4.67) (-2.4) (-1.4) (-2.82) 
CORN 31.47 34.07 36.3 33.94 
(-5.23) (-2.47) (-1.73) (-3.14) 
OATS/ALF. 33.47 36.53 37.23 35.74 
(-4.33) (-0.2) (0.29) (-1.23) 
MEAN 32.49 
(-4.74) 
34.78 
(-1.56) 
36.47 
(-0.95) 
STANDARD DEVIATIONS: Tillage means: 0.76(0.44); Position means: 
0.23(0.18); Interaction means: 0.55(0.36). 
SIGNIFICANT CONTRASTS: 
Canopy temperature; 
Tillage: No till < other tillage treatments. 
Reduced < conventional till. 
Position: Corn border < average of other positions. 
Oats/alfalfa border > center. 
AT: 
Tillage: No till > other tillage treatments. 
Position: Corn border > other positions. 
Center > oats/alfalfa border. 
Interactions: The difference between both borders varied 
with tillage system. 
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initiation of pod setting. The canopy temperature under no 
till was significantly lower than that under the average of 
reduced and conventional till, and it was lower under 
reduced than under conventional till. Corn border canopy 
temperature was lower than the canopy temperature average of 
the other positions, and it was higher in the border with 
oats/alfalfa than in the center row. There were no 
significant interaction contrasts. The results obtained on 
July 7 and 13 showed the same trends. For positions, the 
same contrasts as on July 28 were significant; but with 
tillage, only on July 7 was no till canopy temperature 
significantly below the average of the other tillage 
treatments. 
The values of AT showed the same trend than the canopy 
temperature ones, but it was significant an interaction 
contrast indicating that the difference between the border 
and center positions was smaller in no till than in the 
other tillage treatments. 
The previous results are in agreement with the soil 
water content observations, indicating that plants in the 
treatments with less soil water were under higher water 
stress. 
In 1990, the same measurements were taken on July 24 
and August 7. Because of later planting, the measurements on 
August 7 were the ones closer to pod initiation; there were 
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no significant treatment effects observed either day. The 
same was true for AT. These results support the soil water 
content evaluations, i.e., no significant soil water content 
differences existed between treatments in the wet 1990 
season. 
Initial growth. 
In 1989 the Leaf Area Index was estimated on June 15 
and July 27 (tables 2 and 3, respectively). Early in the 
season growth was slower under no till; later the 
differences between tillage treatments were not significant 
despite the trend showing no till > reduced till > 
conventional till LAI values. By July 27, with water stress 
present, the oats/alfalfa border position LAI was 
significantly lower than the average LAI of the other 
positions. 
In 1990 the average dry weight per plant was 
determined on July 9 (table 4). The plants from no till 
treatments weighed significantly more than the weights 
averaged across the other tillage treatments. A significant 
interaction contrast indicated that no till plants in the 
corn border were lighter than those in the center, but the 
opposite was true for reduced and conventional till average 
plant weights. 
Plant population early in the season. 
Plant population was counted on June 15, 1989, and on 
TABLE 2. Soybeans leaf area index on June 15, 1989 
POSITION NO TILL RED. TILL CONV. TILL MEAN 
CENTER 0.25 0.35 0.33 0.31 
CORN 0.23 0.32 0.33 0.29 
OATS/ALF. 0.31 0.41 0.33 0.35 
MEAN 0.26 0.36 0.33 
STANDARD DEVIATIONS: Tillage means: 0.042; Position means: 0.02; 
Interaction means: 0.037. 
SIGNIFICANT CONTRASTS: 
Tillage: No till < average of reduced and conventional tillages. 
TABLE 3. Soybeans leaf area index on July 27, 1989 
POSITION NO TILL RED. TILL CONV. TILL MEAN 
CENTER 4.38 4.9 4.04 4.44 
CORN 5.74 5.07 4.73 5.18 
OATS/ALF. 4.11 4.09 3.07 3.76 
MEAN 4.74 4.69 3.95 
STANDARD DEVIATIONS: Tillage means: 0.57; Position means: 0.31; 
Interaction means: 0.55. 
SIGNIFICANT CONTRASTS: 
Position: Oats/alfalfa border < average of the other positions. 
TABLE 4. Dry weight per soybeans plant (g) on July 9, 1990 
POSITION NO TILL RED. TILL CONV. TILL MEAN 
CENTER 3.51 2.35 2.47 2.77 
CORN 2.66 2.45 2.48 2.53 
OATS/ALF. 2.6 2.06 2.56 2.41 
MEAN 2.92 2.29 2.5 
STANDARD DEVIATIONS; Tillage means: 0.27; Position means: 0.12; 
Interaction means: 0.23. 
SIGNIFICANT CONTRASTS: 
Tillage: No till > average of the other tillage treatments. 
Interaction: See text for the discussion of the significant 
interaction contrast. 
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July 9, 1990. No significant differences were found either 
year. The average plant population was 267x10' plants/Ha in 
1989, and 225x10' plants/Ha in 1990. 
Grain yield. 
No till soybean yields were significantly higher than 
average yields of the other tillage treatments in 1989 
(table 5); the soybean row bordering corn yielded more than 
the other four rows averaged together; and the row bordering 
oats/alfalfa yielded less than the three central rows 
averaged together. Soybean yield at the corn border compared 
to the average of the other four rows was 0.39 Mg/Ha higher 
for no till and 0.01 Mg/Ha higher for the other tillages 
(significant interaction). The main effect of tillage is 
supported by the soil water and canopy temperature 
measurements. The same is true for the yield difference 
between the oats/alfalfa border and the average of the 
center rows. The case of the difference of the border with 
corn when compared with the average of the other four rows, 
especially under no till as indicated by the significant 
contrast, requires more detailed consideration. Figure lb 
shows that this position had a level of soil water content 
similar to the center row, but in several dates the border 
with corn under no till had more water than under the other 
tillage treatments, according with a significant interaction 
contrast, as already mentioned. Results of air temperature 
TABLE 5. Soybean yields with 13% moisture in 1989 (Mg/Ha) 
ROW NO TILL RED. TILL CONV. TILL MEAN 
l,OATS/ALF. 1.5 1.16 0.96 1.2 
2 1.81 1.62 1.19 1.54 
3,CENTER 2.03 1.72 1.24 1.67 
4 2.03 1.77 1.28 1.69 
5,CORN 2.24 1.6 1.15 1.66 
MEAN 1.92 1.57 1.16 
STANDARD DEVIATIONS: Tillage means; 0.3; Position means: 0.05; 
Interaction means: 0.15. 
SIGNIFICANT CONTRASTS: 
Tillage: No till > average of the other tillage treatments. 
Position: Corn border > average of the other 4 positions. 
Oats/alfalfa border < average of the 3 central rows. 
Interactions: See text for the discussion of the significant 
interaction contrast. 
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on July 28 indicated that under no till the corn border was 
cooler than the other positions, meanwhile it was hotter 
under the average of the other tillage treatments; on August 
7 this interaction was not significant. Therefore, a 
microclimatic effect due to the shading produced by the corn 
plants during half of the day cannot be an explanation of 
what is shown by the yield results. Going back to figure 2 
it can be seen that under no till the soil water depletion 
in the border with corn was higher than in the other tillage 
treatments, and it was one of the highest observed; this 
soil water depletion was correlated with the soybean yields, 
as already stated. 
Soybean yields obtained in 1990 are presented in table 
6. There were no significant tillage treatments differences. 
The corn border yield was significantly lower than the 
average of the other positions. With water nonlimiting, 
likely cause of the lower soybean yields next to the corn 
border is shading induced by the taller corn plants. 
Grain moisture at harvest. 
Conventional till, in addition to having the lowest 
1989 yield, had significantly higher grain moisture than 
reduced till; reduced and no till were not different (table 
7). Positions did not have a significant effect. A 
significant interaction contrast showed that the grain 
moisture content in the oats/alfalfa border was lower than 
TABLE 6. Soybean yields with 13% moisture in 1990 (Mg/Ha) 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,0ATS/ALF. 3.15 3.64 3.46 3.42 
2 3.25 3.65 3.04 3.31 
3,CENTER 3.35 3.34 3.29 3.33 
4 3.14 3.09 3.17 3.13 
5,CORN 2.64 2.5 2.32 2.49 
MEAN 3.24 3.11 3.06 
STANDARD DEVIATIONS: Tillage means: 0.3; Position means: 0.07; 
Interaction means: 0.16. 
SIGNIFICANT CONTRASTS: 
Position: Corn border < average of the other positions. 
Interaction: In reduced till, row 2 > row 4 but in conventional 
till row 4 > row 2. 
TABLE 7. Soybeans grain moisture at 1989 harvest (%) 
ROW NO TILL RED. TILL CONV. TILL MEAN 
1,0ATS/ALF. 15.05 15.32 15.6 15.32 
2 15.3 15.4 15.6 15.43 
3,CENTER 15.42 14.9 15.37 15.23 
4 15.17 15.3 15.5 15.32 
5,CORN 15.65 15.17 15.1 15.31 
MEAN 15.32 15.22 15.43 
STANDARD DEVIATIONS; Tillage means: 0.22; Position means: 0.09; 
Interaction means : 0.17. 
SIGNIFICANT CONTRASTS; 
Tillage: Conventional > reduced till. 
Interaction; See text for the discussion of the significant 
interaction contrast. 
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in the average of the other positions with no till, 
meanwhile it was higher for the average of reduced and 
conventional till. In 1990 no significant treatment effects 
were observed (data not shown). As with corn (Garcia, 
1991a), soybeans grain moisture tended to be inversely 
related with seed yield. 
Oats. 
Soil water content. 
Figures 4a and 4b present the total soil water 
content, added over 1.2 m soil profile depth, during the 
1989 season. Despite the trend showing no till > reduced 
till > conventional till soil water contents (figure 4a), 
only on June 9, June 23, and August 18 were no till results 
significantly different than the average of the other 
tillage treatments results. The differences between 
positions were not significant, nor were the interactions. 
When the same analysis was made by depth, no till had higher 
soil water content than the other tillage treatments at 30 
cm on May 25; at 10, 70, 90, and 110 cm on June 9; at 10, 
90, and 110 cm on June 23; and at 10 cm on August 18. During 
the most important period for the oats crop (June), the 
differences were in the top and the bottom of the soil 
profile. There were few cases in which the corn or the 
soybean border showed significantly higher water content but 
Figure 4. Soil water content in 1.2 m depth under 
oats/alfalfa during the 1989 season by tillage 
(a), and by strip position (b) 
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it was not consistent with either time or depth. 
The highest and lowest soil water contents were 
observed on June 9 and July 1, respectively. Figure 5 
displays the volumetric water distribution with depth for 
both dates. The total soil water depletion in the 1.2 m of 
soil studied, between both dates, shown at the left corner 
of each graph, was significantly higher under no till than 
under the average of reduced and conventional till. There 
were no other significant differences or interactions. When 
the soil water depletion between June 9 and July 7 was 
analyzed by depth, it was found that no till had more 
depletion than the average of the other tillage treatments 
at 30, 50, 70, 90, and 110 cm depth. At 50, 70, and 90 cm 
depths, the center position had less depletion than the 
average of the borders at the 7% probability level. 
There was low correlation (r=0.38, not significant at 
the 5% level) between the previously discussed soil water 
depletion and oat yields. The same correlation was 
significant for corn (Garcia, 1991a), and soybeans. These 
different results suggest that water availability was not 
such a limiting factor for oat yields, as it was for corn 
and soybean yields. 
The evolution with time of the total soil water 
content in the 1.2 m depth studied during 1990 is presented 
in figures 6a and 6b. As with soybeans and corn (Garcia, 
Figure 5. Volumetric soil water content profiles under oats/alfalfa on 
June 9, and July 7, 1989, the dates with highest and lowest soil 
water contents in the 1989 season, respectively, by tillage and 
strip position. The values shown at the lower left corner in each 
graph correspond to the total soil water content difference to 
1.2 m depth, between both dates 
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Figure 6. Soil water content in 1.2 m depth under 
oats/alfalfa during the 1990 season by tillage 
(a), and by strip position (b) 
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1991a), high values, small differences, and small changes 
with time were observed. These differences were not 
significant. The same yias true when the analysis was made by 
depth. 
The maximum depletion of soil water content took place 
between June 1 and June 15 (Figure 6). The values, around 45 
mm, were not significantly affected by the treatments. 
Grain yield. 
Table 8 presents the oat yields obtained in 1989. 
Despite the trend of no till > reduced till > conventional 
till yields, the differences were not significant. The lower 
yield of the center position when compared with the borders, 
and of the soybean border when compared with the corn border 
were significant. The center position showed lower soil 
water depletion during June at 50, 70, and 90 cm, possibly 
one of the reasons for the lower yield. The difference in 
yield between both borders was not related with the soil 
water depletion, suggesting the availability of other 
growing factors were of major importance. Corn grew faster 
and taller than soybeans and it is very likely that arrived 
to compete for sunlight in the border with oats more 
strongly than soybeans did. 
Oats yield evaluation in 1990 did not considered no 
till and reduced till, because of the reasons discussed in 
other paper (Garcia et al., 1991). The effect of strip 
TABLE 8. Oat yields in 1989 with 13% moisture (Mg/Ha) 
BORDER NO TILL RED. TILL CONV. TILL MEAN 
CENTER 2.74 2.85 2.94 2.84 
CORN 3.26 3.11 2.66 3.0 
SOYBEANS 3.71 3.45 3.01 3.39 
MEAN 3.24 3.14 2.87 
STANDARD DEVIATIONS; Tillage means: 0.14; Position means; 0.09; 
Interaction means: 0.19. 
SIGNIFICANT CONTRASTS: 
Position; Center < average of the borders. 
Soybeans border > corn border. 
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position in conventional till, using the same harvesting 
procedure as in 1989, and presented in the table 3 of the 
above cited paper, indicated that the center position 
underyielded the average of both borders. Hand harvesting 
row by row in a neighboring experiment, as presented and 
discussed in the same paper (Figure 1), showed the potential 
for high yields in the border rows and their immediate 
neighbors, as well as the depressive effect of the wheel 
tracks of the controlled traffic pattern. 
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GENERAL SUMMARY. 
Economic, environmental, and biological reasons 
justify searching for alternative, sustainable production 
systems for the USA Corn Belt. An economic study (Duffy and 
Chase, 1990) shows that the actual cropping systems are 
dependent on government subsidies for economic survival. The 
corn-soybeans rotation is the system showing the best 
economic performance in the previous study, but it is the 
one having the highest erosion risk, according with Laflen 
et al. (1985). This last paper shows that the rotations 
including meadows are the systems with the highest potential 
for soil conservation. 
Rotations offer biological advantages such as reduced 
pest and allelophatic problems (Cook et al., 1978; Musick 
and Beasley, 1978; Francis and Clegg, 1990). If the rotation 
includes legumes, biologically fixed N can become available 
for the following crops (Voss and Shrader, 1984; Francis and 
Clegg, 1990). 
In addition to the benefits offered by the temporal 
variation imposed by the rotation, spatial variation such as 
that occurring with narrow strip cropping can be exploited 
to improve yields. Whigham (1985), Whigham and Bharati 
(1986), and Francis et al. (1986), reviewed literature about 
121 
the narrow strip intercropping of corn and grain legumes, 
mainly soybeans. The strip intercropping system is more 
productive than the sole cropping system on a unit land 
basis, except when water availability becomes limiting. In 
the last case, there is no productive difference between 
both systems. The reason for the observed productive 
advantage of the narrow strip intercropping is the higher 
productive response of the C4 corn plants when receiving 
more sunlight in the strip edges, than the yield reduction 
suffered by the C3 legume plants in the strip edges. 
Based on literature and complimentary growth patterns 
of small grains with corn and soybeans, it is hypothesized 
that the inclusion of a third crop strip (small grain) in 
the corn-soybean strip configuration, in addition to the 
enhancing of the rotation effects will: 1) reduce soybean 
yield losses commonly observed in the corn-soybean strips; 
2) result in a small grain overyielding on strip edges due 
to relatively early seeding of small grains and resulting 
low competition in border positions until late in the small 
grain life cycle; and 3) promote corn overyielding on both 
corn strip borders similar to that normally observed with 
corn and soybean strips. The cited advantages can be at 
risk, however, if there is significant competition for water 
or nutrients between the neighbor crops at the border 
positions. In dry years, the soil water depletion by 
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bordering crops, particularly those such as oats or wheat 
which grow earlier than corn and soybeans, could hurt the 
performance of the last crops in the bordering rows. 
Tillage systems can modify soil water content. Surface 
cover by residues, that depends on the tillage system used, 
reduces soil water evaporation resulting in higher soil 
water content (Blevins et al., 1971; Van Doren and Allmaras, 
1978; Phillips et al., 1980; Phillips, 1984; Thomas, 1985). 
The present research was conducted within a strip 
intercropping rotation of corn, soybeans, and oats 
interseeded with alfalfa or followed by a cover crop of oats 
and hairy vetch. The objectives were: 1) to determine the 
effect of strip position on crop yields and on the 
productive advantage of the strip intercropping system; and 
2) to determine the effect of tillage, strip position, and 
their interaction, on soil water content during the season, 
and its relationship with crop yields. 
To address objective 1), two experimental sites were 
evaluated during the 1989 and 1990 growing seasons. Site 1 
was located in Chickasaw County (Northeast Iowa) inside a 
commercial production operation, on Typic Argiudolls and 
Hapludolls soils. Site 2 was located in Lucas County 
(Southern Iowa) inside an Experimental Station, on a Typic 
Argiaquoll soil. In site 1 two experiments with corn, one 
with oats, and one with soybeans were evaluated both years. 
123 
These experiments had block design (four or five 
replications) and strip position was the only treatment 
considered. Ridge till was used in site 1, and crop yield 
was the only measurement taken. 
To address objective 2) a split-plot four block 
experiment with each crop in the rotation was evaluated both 
years in site 2. Tillage systems (conventional, reduced, and 
no till) were the main plots, and strip positions the minor 
treatments. Crop yields, corn yield components, early corn 
and soybean growth, soil water content with neutron probes, 
and corn and soybean canopy and air temperatures with 
infrared thermometers were measured in this experiment. 
In 1989 the precipitation during June, July, and 
August was 189 and 260 mm in sites 1 and 2, respectively. In 
1990 it was 584 and 444 mm, respectively. 
Regarding objective 1, it was observed corn strip 
edges overyielding except in the dry year when the row 
besides the oats strip had lower or equal yield than the 
center rows. Oats strip edges overyielding was observed in 
both sites both years. Soybean yields were reduced in the 
strip borders under dry conditions, but they were closer to 
the center rows under wet conditions. On a unit land basis 
the strip intercropping rotation productive performance, as 
evaluated through the Land Equivalent Ratio (Trenbath, 
1976), was better than the sole crops rotation in the wet 
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year, and not different in the dry year. 
Regarding objective 2, it was observed that under dry 
conditions, conventional till and the border strip position 
beside oats determined the lower soil water content, worse 
plant water status, and lower corn and soybean yields. 
Reduced and no till were not different in terms of the whole 
corn strip yields, but no till was better than reduced till 
for soybeans. The negative effect of the oats/alfalfa border 
on corn yield in the dry year was not present in site 2 when 
no till was used; the negative effect of the oats/alfalfa 
border on soybean yields was also attenuated by no till. 
Oats yields were not affected by the tillage systems in the 
dry year. Under wet conditions, no till was the worse 
tillage system for corn, being not different reduced and 
conventional till. Tillage systems were not different in 
terms of soybean yields in the wet year. The effect of the 
tillage systems on oats yields could not be evaluated in the 
wet year. 
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APPENDIX A; ADDITIONAL STATISTICAL INFORMATION TO SECTION 
TABLE Al. Standard deviations of the soil water content in 1.2 
m under corn, during the 1989 season 
DATE TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
5/25 8.5 4.84 8.43 
6/9 9.84 3.01 7.1 
6/23 26.15 17.03 28.43 
7/7 8.4 4.97 8.54 
7/20 12.14 5.97 10.97 
8/1 12.87 4.71 9.98 
8/18 13.52 5.18 10.71 
9/7 11.76 4.39 9.2 
TABLE A2. Standard deviations of the soil water content 
difference between June 9 and August 18, 1989, 
under corn 
DEPTH (m) TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
0-1.2 (Total) 13.99 6.29 12.02 
H
 
O
 1.91 0.63 1.42 
o
 
w
 1.8 0.43 1.2 
0.5 1.94 0.69 1.49 
0.7 1.2 1.19 1.83 
0.9 1.4 0.95 1.57 
1.1 1.38 0.66 1.23 
TABLE A3. Standard deviations of the soil water content in 1.2 
m depth under corn, during 1990 
DATE TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
7/14 5.23 4.03 6.45 
7/30 10.45 1.33 6.32 
8/7 6.15 3.08 5.62 
8/22 10.13 3.78 7.93 
9/8 20.54 9.03 17.43 
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APPENDIX B: ADDITIONAL STATISTICAL INFORMATION TO SECTION 
III 
TABLE Bl. Standard deviations of the soil water content in 1.2 
m under soybeans, during the 1989 season 
DATE TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
5/25 11.5 4.5 9.19 
6/9 12.72 4.45 9.68 
6/23 14.23 6.33 12.16 
7/7 23.98 13.09 23.12 
7/20 14.43 4.8 10.75 
8/1 14.08 4.3 10.15 
8/18 15.17 3.49 10.06 
9/7 18.44 4.03 12.08 
TABLE B2. Standard deviations of the soil water content 
difference between June 9 and August 18, 1989, 
under sybeans 
DEPTH (m) TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
0-1.2 (Total) 7.58 4.74 8.0 
0.1 0.89 0.35 0.7 
0.3 2.11 0.37 1.33 
0.5 1.86 0.55 1.33 
0.7 1.55 0.78 1.42 
0.9 1.04 0.77 1.24 
1.1 1.13 0.94 1.49 
TABLE B3. Standard deviations of the soil water content in 1.2 
m depth under soybeans, during 1990 
DATE TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
7/14 3.69 1.82 3.34 
7/30 9.44 2.66 6.62 
8/7 6.37 2.67 5.77 
8/22 6.14 1.57 4.18 
9/8 13.26 6.56 12.03 
TABLE B4. Standard deviations of the soil water content in 1.2 
m under oats/alfalfa, during the 1989 season 
DATE TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
5/25 14.27 6.49 12.85 
6/9 16.98 5.95 12.91 
6/23 23.38 7.28 16.98 
7/7 33.29 8.33 22.55 
7/20 29.8 7.94 20.55 
8/1 20.57 6.58 15.09 
8/18 17.13 4.2 11.53 
TABLE B5. Standard deviations of the soil water content 
difference between June 9 and July 1, 1989, 
under oats/alfalfa 
DEPTH (m) TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
0-1.2 (Total) 25.28 7.92 18.4 
0.1 3.95 1.52 3.14 
0.3 1.87 0.82 1.58 
0.5 2.34 0.52 1.54 
0.7 2.28 0.75 1.69 
0.9 2.04 0.85 1.68 
1.1 1.53 0.91 1.56 
TABLE B6. Standard deviations of the soil water content in 1.2 
m depth under oats/alfalfa, during 1990 
DATE TILLAGE 
MEANS 
POSITION 
MEANS 
INTERACTION 
MEANS 
4/26 10.0 5.85 10.09 
5/18 4.94 4.07 6.42 
6/1 4.0 3.99 6.09 
6/15 8.59 5.5 9.2 
6/28 7.54 4.69 7.93 
7/14 11.23 4.17 8.76 
7/30 9.49 2.2 6.3 
8/7 4.45 2.96 4.91 
8/22 3.41 3.1 4.81 
